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PRESSURE EQUALIZATION STRUCTURE
FOR VEHICLE COMPONENTS

SUMMARY

Vehicle components exposed to the outside environment

(e.g., electric engine assemblies, gearboxes, battery mod-
ules, etc.) may be designed to withstand a wide range of
conditions, such as a wide range of temperatures due to
environmental conditions and/or heat generated by the
vehicle components themselves. If the mnternal volume of a
vehicle component 1s held constant across a wide range in
temperatures, air pressure within the internal volume may
vary significantly, exerting significant pressure on any seal-
ing components. Accordingly, 1t 1s advantageous to vent
vehicle components to allow the air pressure 1n the internal
volume to be equalized with ambient pressure.

In some embodiments, it 1s advantageous to provide
venting solutions which allow vehicle components to be
submerged in water (e.g., when the vehicle 1s traveling
through deep water), without requiring any vehicle-specific
components or snorkel assemblies which extend above the
waterline to allow submerged vehicle components to vent air
and equalize with ambient pressures.

The present disclosure advantageously provides an equal-
1ization structure which allows submerged vehicle compo-
nents to equalize to ambient pressure, without extending
above the waterline or requiring complicated vehicle spe-
cific assemblies. To accomplish this, a pressure equalization
structure 1s provided. The pressure equalization structure
includes a vehicle component including an internal cavity
having a first volume, and a first passageway coupled to the
internal cavity, and an equalization structure for equalizing
air pressure in the internal cavity with ambient pressure. The
equalization structure includes a first end coupled to the first
passageway, a second end exposed to the ambient pressure,
and a second passageway between the first end and the
second end, the second passageway having a second vol-
ume. The equalization structure has an installed orientation
in which the first end 1s arranged above the second end.

In some embodiments of the present disclosure, the sec-
ond volume may be greater than an expected volume of air
required to equalize the air pressure in the internal cavity
with the ambient pressure when a temperature of the air in
the internal cavity i1s cooled from a first temperature corre-
sponding to a maximum expected operating temperature of
the vehicle component to a second temperature correspond-
ing to a mimmum expected operating temperature of the
vehicle component as a result of the vehicle component
being at least partially submerged in water at the second
temperature.

In some embodiments of the present disclosure, a ratio of
the second volume to the first volume may be at least 0.39.

In some embodiments of the present disclosure, the
vehicle component may be a combined motor, bus bar, and
inverter assembly.

In some embodiments of the present disclosure, the
vehicle component may be a gearbox.

In some embodiments of the present disclosure, the
vehicle component may be a battery module.

In some embodiments of the present disclosure, the pres-
sure equalization structure may further include an iput seal
including a semipermeable membrane. The 1nput seal may
be disposed 1n the first passageway of the first component
and separates the internal cavity from the second passage-
way.
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In some embodiments of the present disclosure, the pres-
sure equalization structure may further include an input seal
including a semipermeable membrane. The mput seal may
be disposed 1n the second passageway at the first end of the
equalization structure and separates the internal cavity from
a portion of the second passageway from the input seal to the
second end.

In some embodiments of the present disclosure, the equal-
1zation structure may include a cylindrically shaped middle
section between a {irst end section including the first end and
a cylindrically shaped second end section including the
second end, and the equalization structure may be connected
to an exterior surtface of the vehicle component.

In some embodiments of the present disclosure, a diam-
eter of the cylindrically shaped middle section may be larger
than a diameter of the cylindrically shaped second end
section.

In some embodiments of the present disclosure, the equal-
1zation structure may include a rectangular cross-section.

In some embodiments of the present disclosure, the equal-
ization structure may include a circular cross-section.

In some embodiments of the present disclosure, the equal-
1ization structure may be attached to an outer surface of the
vehicle component.

In some embodiments of the present disclosure, the inter-
nal cavity may include a first internal cavity housing a first
component and a second internal cavity housing a second
component, and the first internal cavity and the second
internal cavity may be coupled to each other by a third
passageway.

In some embodiments of the present disclosure, the first
component may be a motor and the second component may
be a gearbox.

In some embodiments of the present disclosure, the pres-
sure equalization structure may further include an iput seal
including a semipermeable membrane. The mput seal may
be disposed in the third passageway and separates the first
internal cavity from the second internal cavity.

In some embodiments of the present disclosure, the equal-
1zation structure and the vehicle component may be separate
components mechanically coupled together.

In some embodiments of the present disclosure, the equal-
ization structure and the vehicle component may be inte-
grally formed as a single component.

In some embodiments of the present disclosure a pressure
equalization structure includes a vehicle component includ-
ing a first internal cavity having a first volume, a first
passageway coupled to the first internal cavity, a second
internal cavity having a second volume, and a second
passageway coupled to the second internal cavity. The first
internal cavity 1s separate from the second internal cavity.
The pressure equalization structure further includes a first
equalization structure for equalizing air pressure 1n the first
internal cavity with ambient pressure, the first equalization
structure including a first end coupled to the first passage-
way, a second end exposed to the ambient pressure, and a
third passageway between the first end and the second end,
the third passageway having a third volume. The first
equalization structure has an installed orientation in which
the first end 1s arranged above the second end. The pressure
equalization structure further includes a second equalization
structure for equalizing air pressure 1n the second internal
cavity with the ambient pressure, the second equalization
structure including a third end coupled to the second pas-
sageway, a fourth end exposed to the ambient pressure, and
a fourth passageway between the third end and the fourth
end, the fourth passageway having a fourth volume. The
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second equalization structure has an installed orientation 1n
which the third end 1s arranged above the fourth end.

In some embodiments of the present disclosure, the
vehicle component may be a combined motor, bus bar,
inverter, and gearbox assembly, the first internal cavity may
house the motor, the bus bar, and the inverter, and the second
internal cavity may house the gearbox.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of the present
disclosure will be apparent upon consideration of the fol-
lowing detailed description, taken in conjunction with the
accompanying drawings, in which like reference characters
refer to like parts throughout, and 1n which:

FIG. 1 shows a view of a pressure equalization structure,
in accordance with some embodiments of the present dis-
closure;

FIG. 2 shows an exploded view of the pressure equaliza-
tion structure of FIG. 1, 1n accordance with some embodi-
ments of the present disclosure;

FIGS. 3A and 3B show an example of a pressure equal-
1zation structure being submerged in water, 1n accordance
with some embodiments of the present disclosure;

FIG. 4 shows a view of a pressure equalization structure,
in accordance with some embodiments of the present dis-
closure;

FIGS. 5A-5F show views of equalization structures, in
accordance with some embodiments of the present disclo-
sure.

FIG. 6 shows a view of a pressure equalization structure,
in accordance with some embodiments of the present dis-
closure;

FIG. 7 shows a cross-sectional view of a pressure equal-
1zation structure, in accordance with some embodiments of
the present disclosure;

FIG. 8 shows a view of a pressure equalization structure,
in accordance with some embodiments of the present dis-
closure;

FIG. 9 shows an example of pressure equalization struc-
tures 1nstalled on a wvehicle, 1n accordance with some
embodiments of the present disclosure; and

FIG. 10 shows a simplified cross-sectional view of a
pressure equalization structure, in accordance with some
embodiments of the present disclosure.

DETAILED DESCRIPTION

In view of the foregoing, and 1n accordance with some
embodiments of the present disclosure, 1t would be advan-
tageous to provide an equalization structure that allows a
vehicle component to quickly equalize internal air pressure
to ambient pressure, even when a hot vehicle component 1s
submerged 1n cold water, without allowing the water to enter
the vehicle component or requiring vehicle specific snorkel
structure that extends above the waterline. For example,
when a hot vehicle component 1s submerged 1n cold water,
air pressure in the vehicle component drops due to the drop
in temperature caused by the submersion of the vehicle
component in cold water. In this case, 1t 1s necessary to add
air to the internal volume of the vehicle component to
equalize the air pressure to ambient pressure. To do this, the
pressure equalization structure described herein may use an
equalization structure having a first end coupled to a pas-
sageway 1nto an internal cavity of the vehicle component,
and a second end exposed to ambient pressure. By providing
the equalization structure with an installed orientation in

10

15

20

25

30

35

40

45

50

55

60

65

4

which the first end 1s arranged above the second end, and
providing suflicient volume within a passageway between
the first end and the second end, air trapped 1n the equal-
1zation structure may equalize the air pressure in the internal
cavity of the vehicle component, without allowing any water
to reach the passageway into the internal cavity of the
vehicle component.

FIG. 1 shows a view of a pressure equalization structure
100, 1n accordance with some embodiments of the present
disclosure. As shown, the pressure equalization structure
may include a vehicle component 101 and an equalization
structure 102. In some embodiments, the vehicle component
may be a motor assembly for an electric vehicle. As shown,
the vehicle component 101 may include a first housing
structure 104 and a second housing structure 106. In some
embodiments, the first housing structure 104 houses an
electric motor, a bus bar, and an inverter. In some embodi-
ments, the first housing structure 104 houses multiple elec-
tric motors, multiple bus bars, and multiple inverters. In
some embodiments, the first housing structure 104 includes
sub-housings for each of the electric motor(s), bus bar(s),
and 1verter(s). In some embodiments, the second housing
structure 106 houses one or more gearboxes. Although two
separate housing structures are referred to herein, it should
be understood that each of the components of the vehicle
component 101 may be housed 1n a single housing, multiple
housings, or combined housings. In some embodiments,
separate housings or sub-housings may be mternally vented
to each other so as to equalize air pressure within the
separate housings or sub-housings of the vehicle component
101, as shown 1n greater detail in FIG. 10. In some embodi-
ments, 1t may be advantageous to not vent separate housings
or sub-housings to each other (e.g., 1n some arrangements,
venting a gearbox to an mverter may cause oil droplets to
enter the inverter when 1nternal pressure equalizes between
the components).

In some embodiments, the first housing structure 104 may
have a first internal volume and the second housing structure
106 may have a second internal volume. As described
herein, the internal volume of a housing (or vehicle com-
ponent) refers to the amount of the housing that 1s filled with
air (1.e., the volume of air 1n the housing) when the com-
ponents are installed 1n the housing. The maximum tem-
perature of air in the first housing structure 104 and the
second housing structure 106 may correspond to the maxi-
mum operating temperature of the components nstalled 1n
the respective housings. For example, in some embodi-
ments, Table 1 below shows the internal volumes and
operating temperatures of the first housing structure 104 and
the second housing structure 106, when the first housing
structure 104 houses a motor/bus bar/inverter assembly and
the second housing structure 106 houses a gearbox.

TABLE 1

Device Internal Volumes and Operating Temperatures

Gearbox Internal Air Volume (Total) 10.00 liters
Inverter Internal Air Volume (Per Core, Per Side) 4.80 liters
Inverter Internal Air Volume (Per Lid, Per Side) 2.50 liters
Motor Internal Air Volume (Per Side) 1.47 liters
Bus Bar Area Internal Air Volume (Per Side) 1.12 liters
Combined Motor/Bus Bar/Inverter Assembly 19.78 liters
Infernal Air Volume (Total)

Max Inverter Temp (Constant Power) 80° C.
Max Gearbox Temp (Constant Power) 90° C.
Max Motor Temp (Constant Power) 160° C.
Max Bus Bar Area Temp (Constant Power) 160° C.
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As shown above 1n Table 1, the first housing structure 104
may include a plurality of sub-housings for each of the
installed components. In some embodiments, each of these
sub-housings are internally vented to each other. In some
embodiments, the first housing structure 104 and the second
housing structure 106 are internally vented to each other.

As shown i FIG. 1, the equalization structure 102 1s
mounted on an exterior surface of the first housing structure
104. The equalization structure 102 may include a first end
108 coupled to the first housing structure 104 and a second
end 110 exposed to the outside (ambient pressure). The
equalization structure 102 may include a passageway 112
extending between the first end 108 and the second end 110.
That 1s, the equalization structure 102 may be hollow with
open ends at the first end 108 and the second end 110. The
equalization structure 102 has an installed orientation in
which the first end 108 1s arranged above the second end
110, as shown 1n greater detail in FIG. 9. In some embodi-
ments, 1t 1s advantageous to mount the equalization structure
102 as high as possible on the first housing structure 104
with respect to an installed orientation of the vehicle com-
ponent 101.

FIG. 2 shows an exploded view of the pressure equaliza-
tion structure 100 of FIG. 1, in accordance with some
embodiments of the present disclosure. As shown, the first
housing structure 104 may include a passageway 114 that 1s
coupled to the internal cavity of the first housing structure
104. That 1s, the passageway 114 may be a through-hole 1n
the first housing structure 104 (e.g., a vent hole). The first
end 108 of the equalization structure 102 may be coupled to
the first housing structure 104 at the passageway 114 so that
the passageway 112 and the passageway 114 combine to
form a passageway from the internal cavity of the first
housing structure 104 through the second end 110, thereby
allowing the air pressure of the internal cavity of the first
housing to be equalized with ambient pressure.

In some embodiments of the present disclosure, the pas-
sageway 114 may include an input seal 116 (e.g., a vent seal)
that separates the internal cavity of the first housing structure
104 from the passageway 112 of the equalization structure
102. The mput seal 116 may be a membrane that allows air
to pass through, but that 1s resistant to liquid water below a
certain pressure (€.g., 7 pounds per square inch (PSI)). Thus,
even 1f the component 1s submerged 1n water and liquid
water reaches passageway 114, the mput seal 116 will
prevent liquid water from entering the internal volume of the
first housing structure 104. Although the input seal 116 1s
shown as being disposed in the passageway 114, the input
seal 116 may also be disposed in the passageway 114 at the
first end 108 of the equalization structure 102.

FIGS. 3A and 3B show an example of the pressure
equalization structure 100 being submerged in water, 1n
accordance with some embodiments of the present disclo-
sure. When the vehicle component 101 1s submerged 1n
water during operation, the temperature of the vehicle com-
ponent 101 and the air inside of the vehicle component 101
(1.e., 1 the 1nternal cavity of the first housing structure 104
and in the internal cavity of the second housing structure
106) cools rapidly, resulting 1n a corresponding drop 1n air
pressure. As air 1s an 1deal gas, this drop 1n air pressure can
be generally modeled by the ideal gas law (PV=nRT, where
P, V, and T are the pressure, volume, and temperature, n 1s
the amount of the substance, and R 1s the 1deal gas constant).
Thus, compensate for this drop 1n pressure and equalize the
pressure 1n the internal cavity of the first housing structure
104 and the internal cavity of the second housing structure
106 with ambient pressure, air must be added. Depending on
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ambient air temperature and the heat radiated from the
vehicle component 101, air inside the passageway 114 of the
equalization structure 102 may also cool rapidly when
submerged 1n water.

As shown in FIG. 3A, when the pressure equalization
structure 100 1s first submerged in water and the temperature
of the air mside of the vehicle component 101 (and in the
equalization structure 102) has not dropped, only a small
amount of water will enter the passageway 114 of the
equalization structure 102 due to hydrostatic pressure to
equalize air pressure to ambient pressure.

As shown 1 FIG. 3B, after the pressure equalization
structure 100 has been submerged in water for a period of
time suilicient to cool the air 1nside of the vehicle component
101 (and the equalization structure 102), air trapped inside
of the equalization structure 102 1s drawn 1nto the vehicle
component 101 to equalize the air pressure with ambient
pressure.

In some embodiments, 1t may be advantageous to design
the equalization structure 102 with a suflicient internal
volume (1.¢., the internal volume of the passageway 114) to
compensate for the most extreme conditions that the pres-
sure equalization structure 100 may be expected to be
exposed to, so that water never reaches the first end 108 of
the equalization structure 102. Thus, 1n the example below,
it 1s assumed that the temperatures of air inside of the vehicle
component 101 drops from the maximum operating tem-
peratures specified above 1n Table 1, to 0° C. when the
vehicle component 101 1s submerged 1n seawater at 0° C. for
an extended period of time. In this case, the amount of air
that must be added to equalize air pressure corresponds to
the change 1n temperature as well as the hydrostatic pressure
that 1s dependent on the depth of submersion and may also
be modeled by the ideal gas law. An example of ambient
conditions for this calculation i1s shown below 1n Table 2.

TABLE 2

Ambient Conditions

Ambient Atmospheric Pressure 14.7 PSI
Density Of Seawater 1030 kg/m?
Ideal Gas Constant 8.314 J/mol*K
Ambient Water Temperature 0° C.
Submersion Depth 1.0 m
Absolute Pressure At Depth Due 16.2 PSI

To Water And Atmosphere

Hydrostatic Pressure At Submerged Depth 1.5 PSI

Accordingly, based on the ideal gas law, 1t will be
necessary to add approximately 35.22 liters of air (at atmo-
spheric pressure) to the internal cavity of the first housing
structure 104 (see Table 3 below), and 2.48 liters of air (at
atmospheric pressure) to the internal cavity of the second
housing structure 106 (see Table 4 below).

TABLE 3

Combined Motor/Bus Bar/Inverter

19.78 liters
5.22 liters

Internal Air Volume (Total)

Volume Of Ambient Air Required To Equalize
Pressure To Ambient Pressure
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TABLE 4
Gearbox
Internal Air Volume (Total) 10.00 liters
Volume Of Ambient Air Required To Equalize 2.48 liters

Pressure To Ambient Pressure

Thus, 1n the above example, as shown 1n FIG. 3B, 1n order
to ensure that water will not reach the mput seal 116 in the
passageway 114, the volume of the passageway 112 of the
equalization structure 102 should be greater than approxi-
mately 7.70 liters. Of course, this 1s only one example, and
the volume of the equalization structure 102 may be adapted
for a specific application, e.g., based on the expected maxi-
mum and minimum temperatures.

In some embodiments, as described above, the input seal
116 may be resistant to liquid water below a certain pressure.
Thus, 1n some cases, 1t may be advantageous to design the
equalization structure 102 with a volume smaller than 7.70
liters for space-saving purposes. For example, the equaliza-
tion structure 102 may be designed with a volume that
prevents water from reaching the vent seal 1n most cases. In
some embodiments, the vent seal may be resistant to liquid
water even when the vehicle component 101 1s fully sub-
merged. In this case, the equalization structure 102 may still
be provided.

In some embodiments, depending on the design and
application of the equalization structure 102, the volume
may be made larger than the minimum calculated volume.
For example, when the equalization structure 102 1s used for
a vehicle component and the vehicle 1s on a slope, the
cllective volume of the equalization structure 102 may be
smaller. Thus, extra volume (e.g., 1n addition to the mini-
mum calculated volume) may be added to the equalization
structure 102 to compensate for this condition.

In some embodiments of the present disclosure, a separate
equalization structure may be used for each of the first
housing structure 104 and the second housing structure 106,
as shown in FIG. 4.

FIG. 4 shows a view of a pressure equalization structure
400, 1n accordance with some embodiments of the present
disclosure. The pressure equalization structure 400 1s stmilar
to the pressure equalization structure 100 1n FIG. 1, except
that the pressure equalization structure 400 may additionally
include a second equalization structure 404 (e.g., in addition
to the first equalization structure 402). Thus, based on the
example above, the volume of the first equalization structure
402 1s at least 5.22 liters, and the volume of the second
equalization structure 404 1s 2.48 liters.

FIGS. 5A-5F show views of diflerent equalization struc-
tures, 1n accordance with some embodiments of the present
disclosure. As shown, an equalization structure may com-
prise any suitable shape that corresponds to the requirements
associated with a pressure equalization structure. It will be
understood that the shapes of the equalization structures may
have different advantages, and the particular shape chosen
for a particular application may be selected based on a
variety of factors. As shown, equalization structure 502a of
FIG. SA has a narrow cylindrical shape at a first end 508a
and at a second end 510a, and a wide cylindrical shape at a
middle section 512a. Equalization structure 50256 of FIG. 5B
has a rectangular cross-section. However, this 1s only one
example, and the equalization structure 50256 may have any
cross-section. For example, the equalization structure 50256
may have a circular cross-section, as shown 1n, e.g., FIG. 1.
Equalization structure 5302¢ of FIG. 53C may be similar to the
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equalization structure 502q, but with a rectangular cross-
section. For example, the equalization structure 502¢ may
have a narrow first end 508c¢, a narrow second end 510¢, and
a wide middle section 512¢. Equalization structure 502d of
FIG. 5D has a cylindrical cross-section. However, the profile
of the equalization structure 5024 may correspond to the
outer surface of the vehicle component it 1s to be mounted
to. Equalization structure 502¢ of FIG. 5E has a “candy-
cane” shape with a cylindrical cross-section. The equaliza-
tion structure 302¢ may be used for vehicle components that
have a low profile (e.g., a battery module) to provide a taller
passageway (e.g., to store a greater amount of air for
equalization). In some embodiments, first end 508e¢ may be
coupled to a top surface of a vehicle component. In some
embodiments, a vent seal 514 may be provided 1n equaliza-
tion structure 502¢ at the highest point in an installed
orientation. Equalization structure 5021 of FIG. 5F may have
a narrow cylindrical shape at a first end 508/ and at a second
end 510/, and a hemisphere shape at a middle section 512f.

FIG. 6 shows a view of a pressure equalization structure
600, 1n accordance with some embodiments of the present
disclosure. The pressure equalization structure 600 1s similar
to the pressure equalization structure 100 1n FIG. 1, except
that instead of being separate components, the equalization
structure 602 and the vehicle component 601 may be inte-
grally formed as a single component that performs the same
functions. For example, as shown, the equalization structure
602 and first housing structure 604 may be integrally formed
as a single component. However, this 1s only one example,
and the equalization structure 602 may be fully or partially
integrated with the first housing structure 604 1n any manner.
For example, the first housing structure 604 may be com-
prise multiple components that, when assembled, form both
the first housing structure 604 and the equalization structure
602.

FIG. 7 shows a cross-sectional view of a pressure equal-
1zation structure 700, in accordance with some embodiments
of the present disclosure. The pressure equalization structure
700 1s similar to the pressure equalization structure 100 1n
FIG. 1, except that instead of being separate components,
equalization structure 702 and vehicle component 701 may
be integrally formed as a single component that performs the
same functions. For example, the equalization structure 702
and the first housing structure 704 may be integrally formed
as a single component (e.g., in a similar manner as described
above with reference to FIG. 6). However, this 1s only one
example, and the equalization structure 702 may be fully or
partially integrated with the first housing structure 704 in
any manner. For example, the first housing structure 704
may comprise multiple components that, when assembled,
form both the first housing structure 704 and the equaliza-
tion structure 702. For example, as shown, an arrangement
of components of the first housing structure 704 may natu-
rally create a passageway that functions as the equalization
structure 702.

FIG. 8 shows a view of a pressure equalization structure
800, in accordance with some embodiments of the present
disclosure. The pressure equalization structure 800 1s similar
to the pressure equalization structure 100 1n FIG. 1, except
that the vehicle component 801 1s a battery module. As
shown, the pressure equalization structure 800 includes an
equalization structure 802 mounted on an exterior surface of
the battery module. The equalization structure 802 may
include a first end 804 coupled to a top surface of the battery
module and a second end 806 exposed to the outside
(ambient pressure). In some embodiments, the equalization
structure 802 may be similar to the equalization structure
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shown 1in FIG. SE and may include a vent seal installed
inside of the equalization structure 802. The equalization
structure 802 may operate in a similar manner as, e.g., the
equalization structure 102 described above and will there-
fore not be described again 1n detail.

FIG. 9 shows an example of pressure equalization struc-
tures 1nstalled on a vehicle 900, 1n accordance with some
embodiments of the present disclosure. As shown, the
vehicle 900 may include the pressure equalization structure
100 of FIG. 1 and the pressure equalization structure 800 of
FIG. 8. As shown, the pressure equalization structures 100
and 800 may be 1nstalled such that the equalization structure
102 has an installed orientation 1n which the first end 108 1s
arranged above the second end 110, and the equalization
structure 802 has an installed orientation 1n which the first
end 804 1s arranged above the second end 806. In some
embodiments of the present disclosure, the first end 108 may
be arranged vertically above or substantially vertically
above the second end 110, and the first end 804 may be
arranged vertically above or substantially vertically above
the second end 806. However, this 1s only an example, and
the equalization structures 102 and 802 may have any
installed orientation in which the first end 108 1s above the
second end 110 (i.e., higher with respect to gravity), and the
first end 804 1s above the second end 806 (1.e., higher with
respect to gravity).

FIG. 10 shows a simplified cross-sectional view of a
pressure equalization structure 1000, 1n accordance with
some embodiments of the present disclosure. As shown, the
pressure equalization structure 1000 may include a vehicle
component 1001 and a pressure equalization structure 1002.
As shown, the vehicle component 1001 may include a first
housing structure 1004 having a first internal cavity 1005
and a second housing structure 1006 having a second
internal cavity 1007. In some embodiments, one or more
clectric motors, bus bars, and mverters may be installed 1n
the first internal cavity 1005. In some embodiments, one or
more gearboxes may be installed in the second internal
cavity 1007. As shown, the first internal cavity 1005 may be
internally vented to the second internal cavity 1007 by
passageway 1008 so as to equalize pressure within the first
and second internal cavities 1005 and 1007. In some
embodiments, a vent seal 1010 may be installed in the
passageway 1008. The vent seal 1010 may be a membrane
that allows air to pass through, but that is resistant to liquids
(e.g., o1, water, etc.) below a certain pressure (e.g., 7 pounds
per square inch (PSI)). Thus, the vent seal 1010 may prevent
any liquids from passing between the first and second
internal cavities 1005 and 1007.

The foregoing 1s merely 1llustrative of the principles of
this disclosure and various modifications may be made by
those skilled 1n the art without departing from the scope of
this disclosure. The above described embodiments are pre-
sented for purposes of 1llustration and not of limitation. The
present disclosure also can take many forms other than those
explicitly described herein. Accordingly, it 1s emphasized
that this disclosure 1s not limited to the explicitly disclosed
systems and apparatuses, but 1s intended to include varia-
tions to and modifications thereof, which are within the spirit
of the following claims.

What 1s claimed 1s:

1. A pressure equalization structure, comprising:

a vehicle component comprising an internal cavity having

a first volume, and a first passageway coupled to the
internal cavity; and

an equalization structure for equalizing air pressure 1n the

internal cavity with ambient pressure, the equalization
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structure comprising a first end coupled to the first
passageway, a second end exposed to the ambient
pressure, and a second passageway between the first
end and the second end, the second passageway having
a second volume,

wherein the equalization structure has an installed orien-
tation 1 which the first end 1s arranged above the
second end, such that liquid can enter the second end to
compensate for a change 1n pressure.

2. The pressure equalization structure of claim 1, wherein
the second volume 1s greater than an expected volume of air
required to equalize the air pressure in the internal cavity
with the ambient pressure when a temperature of the air in
the internal cavity i1s cooled from a first temperature corre-
sponding to a maximum expected operating temperature of
the vehicle component to a second temperature correspond-
ing to a minimum expected operating temperature of the
vehicle component as a result of the vehicle component
being at least partially submerged in water at the second
temperature.

3. The pressure equalization structure of claim 1, wherein
a ratio of the second volume to the first volume 1s at least
0.39.

4. The pressure equalization structure of claim 1, wherein
the vehicle component 1s a combined motor, bus bar, and
iverter assembly.

5. The pressure equalization structure of claim 1, wherein
the vehicle component 1s a gearbox.

6. The pressure equalization structure of claim 1, wherein
the vehicle component 1s a battery module.

7. The pressure equalization structure of claim 1, turther
comprising an mput seal comprising a semipermeable mem-
brane,

wherein the mput seal 1s disposed 1n the first passageway

of the vehicle component and separates the internal
cavity from the second passageway.
8. The pressure equalization structure of claim 1, further
comprising an iput seal comprising a semipermeable mem-
brane,
wherein the mput seal 1s disposed 1n the second passage-
way at the first end of the equalization structure and
separates the internal cavity from a portion of the
second passageway from the mput seal to the second
end.
9. The pressure equalization structure of claim 1, wherein:
the equalization structure comprises a cylindrically
shaped middle section between a first end section
comprising the first end and a cylindrically shaped
second end section comprising the second end, and

the equalization structure i1s connected to an exterior
surface of the vehicle component.

10. The pressure equalization structure of claim 9,
wherein a diameter of the cylindrically shaped middle
section 1s larger than a diameter of the cylindrically shaped
second end section.

11. The pressure equalization structure of claim 1,
wherein the equalization structure comprises a rectangular
cross-section.

12. The pressure equalization structure of claim 1,
wherein the equalization structure comprises a circular

cross-section.

13. The pressure equalization structure of claim 1,
wherein the equalization structure 1s attached to an outer
surface of the vehicle component.
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14. The pressure equalization structure of claim 1,
wherein:

the mternal cavity comprises a first internal cavity hous-

ing a first component and a second internal cavity
housing a second component, and

the first internal cavity and the second internal cavity are

coupled to each other by a third passageway.

15. The pressure equalization structure of claim 14,
wherein the first component 1s a motor and the second
component 1s a gearbox.

16. The pressure equalization structure of claim 14, fur-
ther comprising an input seal comprising a semipermeable
membrane,

wherein the input seal 1s disposed 1n the third passageway

and separates the first internal cavity from the second
internal cavity.

17. The pressure equalization structure of claim 1,
wherein the equalization structure and the vehicle compo-
nent are separate components mechanically coupled
together.

18. The pressure equalization structure of claim 1,
wherein the equalization structure and the vehicle compo-
nent are integrally formed as a single component.

19. A pressure equalization structure, comprising:

a vehicle component comprising:

a first internal cavity having a first volume;

a first passageway coupled to the first internal cavity;

a second 1nternal cavity having a second volume; and

a second passageway coupled to the second internal
cavity,

wherein the first internal cavity 1s separate from the
second 1nternal cavity;
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a 1irst equalization structure for equalizing air pressure 1n
the first internal cavity with ambient pressure, the first
equalization structure comprising:

a first end coupled to the first passageway, a second end
exposed to the ambient pressure; and

a third passageway between the first end and the second
end, the third passageway having a third volume,

wherein the first equalization structure has an installed
orientation 1n which the first end 1s arranged above
the second end, such that liquid can enter the second
end to compensate for a change i pressure; and

a second equalization structure for equalizing air pressure
in the second internal cavity with the ambient pressure,
the second equalization structure comprising;

a third end coupled to the second passageway, a fourth
end exposed to the ambient pressure; and

a fourth passageway between the third end and the
fourth end, the fourth passageway having a fourth
volume,

wherein the second equalization structure has an
installed orientation 1 which the third end 1s
arranged above the fourth end.

20. The pressure equalization structure of claim 19,
wherein:

the vehicle component 1s a combined motor, bus bar,
inverter, and gearbox assembly;

the first internal cavity houses the motor, the bus bar, and
the inverter; and

the second internal cavity houses the gearbox.
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